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ABSTRACT
The preservation of banana fruit is vital to ensure ripening quality during the transportation process. The quality of banana
can be defined using the gene expression marker, which needs high-quality RNA. However, when access to the laboratory is
difficult, during long-distance transportation, lack of liquid nitrogen or refrigerator, we need an alternative for preservation
methods, so the sample and the extracted RNA are still in excellent conditions. Aim of our research is to find the best
preservation methods and test the genes expression marker of Cavendish banana flesh tissues without using the liquid nitrogen.
In this study, we performed preservation methods for RNA extraction by directly storing the flesh tissues at -80°C refrigerator
and combined with the use of various flesh cutting time (0, 19, and 30 minutes). We measured the total RNA yield, absorbance
ratio of 260/280, and checked the expression of MaGAPDH, MaACS1, and MaACO1 genes using Reverse Transcriptase-
PCR (RT-PCR). As a result, we found that the preservation methods did not affect the quality of RNA and the genes expression
as well. Although the gene expression analysis need to be confirmed in future using quantitative PCR (qPCR) analysis.
However, our preservation methods can be used as an alternative preservation method.
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INTRODUCTION
In Indonesia, banana is produced highest compared
to other fruits. The total production of banana in
Indonesia can reach 4.5 million tonnes of 74751 ha
harvested area (Molina et al., 2005). However, the
productivity of banana needs to be improved,
especially considering the short shelf life of banana.
In order to assess the ripening quality of banana,
we can use gene expression studies to detect the
ripening process during transportation. RNA is the
genetic material that plays an important role in a
series of gene expression process. RNA can be easy
to degrade, especially if there any presence of RNase
(Reece et al., 2011). Thus, damaging tissue samples
can reduce the quality of RNA as well as the
preservation method of the tissue sample, the length
of delay in tissue sample preservation, RNA
extraction procedures, and the presence of RNase
(Salehi & Najafi, 2014). In limited time or restricted
procedures, such as the sample preparation for a
space experiment, there are limited factors, such as
refrigeration, transportation, and crew time required
for the experiments (National Research Council,
2000).
Flash freezing is a standard method used to
preserve banana flesh tissues using immersion in
liquid nitrogen (-195.79°C) and stored at -80°C
(Salehi & Najafi, 2014). However, liquid nitrogen
can be harmful to the body when used without
caution. Preserving the sample in liquid nitrogen is
more expensive compared to preservation in -80°C
freezers because liquid nitrogen evaporates rapidly
(Andreasson et al., 2013). The direct storing sample
method at -80°C without using liquid nitrogen is an
alternative preservation process for RNA extraction.
Based on the results of Andreasson et al. (2013),
temperatures of -80°C can be used to store tissue
samples for long periods without decreasing the
quality of RNA. We aim to find the most excellent
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preservation method of RNA from banana flesh
tissue to cope with the limited resources and
prolong the experiment time when the ideal
conditions cannot be executed.
MATERIALS AND METHODS
Plant Materials
We used the Cavendish banana (Musa
acuminata AAA Group) from PT. Sewu Segar
Nusantara after treating with ethylene. Bananas used
in this study were ripe green banana (maturity stage
2 or Day-0) and yellow banana with freckles
(maturity level at more than 7 or Day-8) with three
biological replicates (Figure 1). Based on the
maturity level of fruit, bananas were also selected
based on the fruit size being relatively similar and
with no injuries.
Preservation Methods
There were two significant treatments (Figure 2),
the treatment method of preserving banana flesh
tissue (flash freezing at temperature of -80°C) and
the interval of banana cutting time (0, 19, and 30
minutes). Interval of banana cutting time is the gap
time from banana cutting process to the preservation
treatment. At the interval of these cuts, the tissue
samples were  incubated at room temperature.
Banana was cut at 0, 19, and 30 minutes, then treated
with preservation methods. There are two methods
of preservation of flesh tissue banana carried out in
this research. Those who used flash freezing, and
which directly stored at -80°C without liquid
nitrogen immersion.
RNA Isolation
Total RNA was isolated from banana fruit
pulp using manual isolation method (Corderio et al.,
2008) with some modifications. This isolation
method lasted for two days. RNA quantity was
determined using a Nanodrop and RNA quality was
visualized on a 1% (w/v) agarose gel with TAE
buffer 1%, the results of electrophoresis visualised
under UV light.
Fig. 1. Cavendish banana used in this research with various preservation methods.
Fig. 2. Research scheme.
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cDNA synthesis
cDNA was synthesised using iScript™ cDNA
synthesis kit (Bio-Rad Laboratories, Inc.) according
to the manufacture instructions. For each sample,
one µg of total RNA was retro-transcribed and
diluted 1:5. RT-qPCR reaction was performed in 10
µL total volume using 1 µL of cDNA. The cDNAs
are stored in the freezer at -20°C.
Polymerase Chain Reaction (PCR)
We used a housekeeping gene MaGAPDH -
AY821550.1 (Vieira et al., 2004) and banana
ripening genes, MaACS1 (GQ406064.1) and
MaACO1 (AJ223232.1) (Karmawan et al., 2008).
PCR was performed using Gotaq® Green Master
Mix kit from Promega (Catalog No. M7122) and
Thermocycler machine. PCR profile was as follows:
first denaturation at 94°C for 2 mins, first cycle
(denaturation at 94°C for the 30s; extension 48.5°C
for 30s) and run for 35 cycles. PCR results were
confirmed by electrophoresis using agarose gel 1%
w/v with a 1% TAE buffer and visualised under
UV light.
RESULTS AND DISCUSSION
The purity of RNA
The average value of the ratio of A260 /A280
of all sample treatment was 1.78–1.93 (Table 1),
which means that all samples can be said to be
‘pure’. As a result, no significant difference between
the purity of RNA samples of flesh tissue bananas
in preservation using flash freezing and preservation
method which directly stored at -80°C (P-value >
0.05) either at day-0 and day-8. There is no
significant difference (P-value > 0.05) between the
purity of RNA samples Cavendish banana flesh
tissue with a cutting interval time of 0 minutes, 19
minutes, and 30 minutes before preserved, whether
it was preserved using flash-freezing method nor in
the directly stored at -80°C.
The average value of all sample concentration
of RNA ranged between 410.256 ng/µl – 736.923
ng/µl. No significant difference between the RNA
yield of flesh tissue bananas in preservation using
flash-freezing method and preservation methods
directly at -80°C (P-value > 0.05) either at day 0 and
day 8. Then, the statistical result also showed that
there was no significant difference (P value > 0.05)
between the RNA yield of Cavendish banana fruit
flesh tissue with a cutting interval time of 0 minutes,
19 minutes, and 30 minutes before preserved,
whether it was preserved using flash-freezing method
nor in the directly stored at -80°C.
Visualisation of Total RNA
Visualisation of total RNA isolated from whole
sample treatment showed positive results that
showed two thick bands (Figure 3). Both of these
bands are rRNA sized 28S and 18S, which is the
essential rRNA cytoplasm in the plants (Heldt,
2005). Ribosomal RNA make up more than 80% of
the total amount of RNA containing the majority
expression of the 28S and 18S RNA. The number of
large rRNA, both qualitatively and quantitatively,
is assumed to be representative of the population
of mRNA which amounted to only 1–3% of the total
population. The little amount of mRNA is the reason
that mRNA could not be detected, and to determine
mRNA usually from the presence or absence of 28S
and 18S rRNA (Palmer, 2014).
Expression of MaGAPDH, MaACS1, and MaACO1
Genes
We found that MaGAPDH and MaACO1 genes
(Figure 4) showed a similar size of less than 300 bp
and MaACS1 genes showed the size for less than
Table 1. The purity of RNA
Day of Preservation Cutting Time The Purity Value The RNA
Observation Methods (Minutes) of RNA Concentration (ng/µl)
0 1.82±0.046 464.104±92.692




Freezer -80°C 19 1.78±0.038 461.282±55.791
30 1.81±0.056 614.103±112.152
0 1.84±0.053 456.923±160.651




Freezer -80°C 19 1.83±0.100 415.385±176.300
30 1.85±0.058 481.282±75.641
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Fig. 3. Electropherogram of total RNA.
Fig. 4. Electropherogram of MaGAPDH, MaACS1, MaACO1 genes amplification.
200 bp. MaGAPDH gene size is 236 bp (Koolman,
2005). MaACS1 gene size is 172 bp, and MaACO1
gene size is 240 bp (Karmawan et al., 2008). Our
findings were in agreement with the previous studies
and indicated the expression of MaGAPDH,
MaACS1, and MaACO1 genes.
In the case of preservation methods, a liquid
nitrogen method (-195.79°C) or ultra-low
temperature (-80°C) is common to be used to store
tissue samples for RNA extraction purposes. Liquid
nitrogen is a cryogenic liquid which can cause rapid
freezing on contact with living tissue or certain
substances. At extreme cold temperatures, the water
content in the cells will be frozen (Pegg, 2007).
Meanwhile, water is a solvent medium used to
induce a variety of chemical reactions (Tarze et al.,
2007). At shallow temperatures, all the chemical and
enzymatic activity cease to work (Pegg, 2007;
Handayani & Dwivany, 2014). Based on the RNA
purity, RNA yield, gene expression of MaGAPDH,
MaACS1, and MaACO1, the direct preservation at -
80°C (without liquid nitrogen) was successful
without decreasing the quality of RNA. Also, the
interval cutting time up to 30 minutes waiting time
showed not affecting the quality of RNA related to
the expression of banana ripening genes.
CONCLUSION
As a conclusion, no significant difference in the
RNA quality of banana flesh tissues and expression
analysis of banana ripening genes marker
(MaGAPDH, MaACS1, and MaACO1) using liquid
nitrogen, direct store at -80°C refrigerator or the
various cutting interval time. Our preservation
methods can be used in the future if the ideal
conditions in the field or the laboratory cannot be
reached.
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